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OOMiPIiETE SPEOIEICATIOIT 

Improvements in or relating to the Production of Organo- 

Silicon Compomids 



We, MONSAI^TO ChEMICAIiS lilMITKD, a 

British Company, of 8, Waterloo Place, 
London, S.W.i, do hereby declare the 
natiue of this invention and in what 
5 manner the same is to be performed, to 
be partienlarly described and ascertained 
in and by the following statement : — 

This invention relates to the production 
of silicones. 

10 Silicones can be obtained by the poly- 
merisation of organo-silioon compounds 
containing aUkyl or aryl groups aud also 
either halogen atoms (for- instance 
chlorine atoms) ox -alkoxy groups, all 

15 directly attached to silicon. 

This polymerisation has hitherto been 
carried out by hydrolysis of the mono- 
meric organo-silicon compounds or of 
products already partially polymerised, 
this hydrolysis bringing about a replace- 
ment of the halogen <itoms or alkoxy 
groups by hydroxy! groups followed by a 
condensation and polymerisation with the 
elimination of water. Products are 

25 thereby obtained in which the silicon 
atoms are linked together by oxygen 
bridges. 

It has now been found that this charac- 
teristic silicone liiikage can be obtained 

30 ^y, causing a molecule of an organo- 
silioon oompoimd containing a chlorine 
or other halogen atom directly attached to 
silicon to react under non-hydrolysing 
conditions with a molecule of an organo- 

86 silicon compound containing an alkoxy or 
aryloxy group also directly attached to 
silicon, with the elimination of the alkyl 
or aryl halide. This reaction, therefore, 
affords a method of obtaining silicones 

40 andi by its use a polymerieation can be 
brought about which enables homogeneous 
products to be obtained. Of course, the 
organo-silicon molecule containing the 
halogen atom and the organo-silicon 

46 molecule containing the alkoxy or -aryloxy 



60 



group will contain such substituents as. 
are necessary for the polymerisation to 
take place progressively, as will be readily 
understood. To give an example, if a 
compound containing two halogen atoms 50 
is caused to react with a compoxmd con- 
taining two alkoxy or aryloxy groups a 
straight chain polymer is obtained. The 
reaction is easier tq carry out than hydro- 
lysis, the polymerisation is progressive 66 
and more uniform, and it gives less waste 
in the form of precipitates arising from 
uneven and locally excessive polymerisa- 
tion. Purthermore by the choice of suit- 
. able staxting materials it is possible to 
succeed with more certainty than in pre- 
vious processes in obtaining polymerisa- 
tion products having the desired distribu- 
tion of the different organic radicals. 

The reaction is preferably carried out 65 
with heating, and in the presence of a 
solvent and a catalyst. This latter can 
be chosen from the various substances 
which will assist the formation of the 
alkyl or aryl chloride, and examples are 70 
ferric, zinc, calcium and aluminium 
chlorides. However, the reaction can if 
desired be carried out without a solvent, 
or without a catalyst. 

The alkyl or aryl chloride formed can 76 
be recovered and utilised. 

Aluminium chloride has been foxm.d 
particiJarly valuable as catalyst, as this 
enables a lower reaction temperature to 
be used for the condensation and poly- 80 
merisation, as low as 110 — ^130^** C, and a 
good quality silicone still to be obtained. 
Silicones particxdarly valuable for use in 
varnishes can be thus produced. It is of 
course possible to use higher temperatures 85 
when using aluminium chloride, but the 
reaction is then more difScult to control 
owing to the consequent speed of the poly- 
merisation. The advantages resulting 
from the use of a lower temperature, and 00 
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tlie lugli (luahty of the products obtained for instttnce for uso in tlio vornisli 65 
when using* aluminium cliloride, make indtistry. 
this a particularly valuable catalyst, even ExAMri,B 2. 

tbougli owing to secondary reactions tlm (rsing operiiling" conditions similar to 
5 quantity of alkyl or aryl chloride tliosc of Example 1, 170 g. of silicon 
recovered is less than that when certain tetrachlmido were treated Avith ooU cc. of TO 
other metal chlorides are nsed as catalyst. u 3.;27 IST. solution of a methyl magnesium 
There is a correspondingly increased Grignard reagent in equal volumes of 
liberation of hydrochloric acid. ether and toluene. 

10 The invention is illustrated by the The substituted chlorosilane solution 
following Examples^ thoxigh it is to "be - - obtiiined was divided into two equal parts, 76 
understood that other pressure or tempera^ " as above, and to one half 60 g. of anhy- 
ture conditions can be emplojedx with qr._ drpjis ethyl alcohol were ndded. It was 
without the use of a solvent or catalyst. then boiled under rellux until tl»e libera- 

15 It will be appreciated that in practice the tion of hydrochloric acid ceased. 

process can suitably be carried out by " The substituted ethyl silicate so olv 80 
using quantities of the reagents such -that tained-was then mixed with the second 
the halogen content on the one hand and half of the substituted chlorosilane solu- 
the altoxy or nryloxy content on the other tion, 25 g. of ferric ehloride were added, 
20 are approximately equimolecular, ami <ind-the operation -was continued as in 
then refluxing and distilling off the alkyl Example 1. . JJ6 
or aryLhalide until the residual product It was found that at 170" C. chlorine 
is substantially free from halogen. -could no longer be found in the organic. 

■ * - ^ - , compounds in the product, and the opera- 

' ~ ExAMPiiB 1- tion was completed as described above. 

25 - -170 g. of silicon tetrachloride and on© After removing the more volatile com- 90 

- btre -of dry toluene- were introduced into ponenfs by vacuum dLstillution the j)ro- 
-a tworlitre -flask provided with a reflux duct was. a viscous oil with a very low 

- condenser -and a stirrer, and the mixture vapoui- pressure, which could for example 
was cooled on ice.. A fixture of 335 cc. be used as a Jiydraiilic fluid in vacuum 

30- of a 2..I5 jN*. solution jof - an ethyl magne- pumps or- in brakes. 95 

- slum Grignard reagent -in- eqn-al- -volumes . _ Exaiipue 3. 

of ether and toluene and 249 cc. of a 2.35 170 g. of silicon tetrachloride and one 
solution oi a phenyl magnesium Grig- litre of dr3^ toluene were placed in a flask 

- nard reageut in equal -volumes of ether - 2)rovided with a reflux condenser and a 

85 imd .toluene were added drop by drop, stirrer, and .a mixture of 325 cc. of a 1Q{ 
after -which th^ reaction mixture was 2.35 N.. solution of a phenyl magnesium 
slowly-^ heated and refluxed for one hour. -.Grignard reagent <and 28(vcc. of a 3.27 N. 
~ The solution of substituted chlorosilane solution of a methyl .magnesium Grignard 

- thereby -obtained w^is divided into two rt^ag^ent were pdded drop by drop, with 

40 equal parts, and one was placed in a two- - cooling. . " jOf 

. litre flask provided with. a reflux condenser - To 208.2 g. of cooled ethyl orihusilicale 
and a stirrer. 57.3 g. of anhydrous methyl there were 4)dded drop byMrop and witli 
alcohol were slowly kidded, and tha mix- stirring.32o re of a 2.35 ?f. solution of 
tura was refluxed xmtil tha liberation of a phenyl magnesium Grignard reagent 
46 hydrochloric acid ceased... . .and 286 cc. of a 3.27 N. solution of a IK 

The product was. then mixed with the methyl magnesium Grignard reagent, 
other half .of the solution of substituted • The solvent in each case was a mixture in 
chlorosilane, .and 25 g. of isino -chloride : equal volumes of ether and toluene, 
in small .pieces or" in powder form were The substituted chlorosilane solntirm 
50 then added. The mixture was refluxed for . and the substituted ethoxysilane solution Hf 
two to three hours and the solvent removed so obtained were mixed, and 75 g. of 
* by distillation. The temperature rose . anliydrous aluminium chloride were 
from 80—90"- C. to 220—240** C, and the added. 

operation was continued until chlorine The raixtiiro was heated under reflux 
56 could no longer be found in the organic for two hours and the more volatile com- 121 
compounds in the liquid. ponenfs were then distilled off slowly. 

100 cc. of toluene. were added to render The temperature gradunlly rose and after 
the silicone 60 prodiic'ed less TiscouSy and ten hours of heating reached 100 — 124* 
the catalyst was removed by several sue- C. At this, point, on contacting the solu- 
60 cessive washings with water, whicli did tion with water in order to eliminate the j^26 
not give rise to any hydrolysis. The sol- catalyst, no acid reaction was cofmmuni- 
vent was then removed, leaving a pure • rated to the water; thus showing the 
silicone. absence of unreacied ^chlorosilanes. 

It was obtained as a thicl^ oil> suitahle Furthermore, the collected distillate con- 
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tained only traces of silicon compounds. 

Tile solvent was removed, giving 21G g. 
of a silicone. 

Having now particularly described and 
6 ascertained tlie nature of the said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

1. A process for the productiou of 
10 silicones, in which the silicone is formed 

by a polymerisation reaction in which the 
characteristic silicone linkage is obtained 
by causing a molecule of an organo- 
sxlicuu compoun»cb containing a halogen 

16 atom directly uttached to silicon to react 
under non-hydrolysing conditions with a 
molecule of an organo-silicon compound 
containing an alkoxy or aryloxy group 
also directly attached to silicon, with the 

ZO elimination of nlkyl or aryl halide. 

2. A process according to Claim 1, in 
which the reatition is carried out under 
reflux. 

3. A process according to Claim 1 or 
26 Claim 2, in which the quantities of the 

halogen and of the alkoxy or aryloxy 
group present are ap2:)roximately equi- 
molecular, and the alkyl or aryl h-alide is 
distilled off until the residual* product is 
30 substantially free from halogen. 

4. A process according to any one of 
Claims 1 to 3, in which the halogen is 
chlorine. 

6. A process according to any one of 
36 the preceding claims, in which the 
reaction is carried out in the presence of 
a solvent. 

{). A jjrocess according to any one of 
Cl-aims 1 to 4, in which the reaction is 



carried out without the use of an ex- 40 
traneous solvent. 

7. A process according to any one of 
the preceding claims, in which a catalyst 
is used. 

S. A process according to any one of 46 
Claims 1 to 6, in which ferric chloride is 
used as catalyst. 

9. A process according to any one of 
Claims X to 6, in which zinc chloride is 
used as cat-alyst. 50 

10. A process according to any one of 
Claims X to tt, in wMch calcium chloride 
is used as catalyst. 

11. A process atrcorcling to any one of 
Claims 1 to 6, in whioh aluminium 56 
chloride is used as catalyst. 

12. A process according to any one of 
tiie preceding claims, in which a methyl- 
chlorusilane, a mixed metbyl-pbenyl- 
chlorosilano or a ncuzed etliyl-phenyl- 60 
clilorosilane is used. 

13. A process according to any one of 
the preceding claims, in which a methyl- 
ethoxysilane, a mixed methyl-phenyl- 
ethoxysilane or a mixed ethyl-phenyl- 65 
methoxysilane is used. 

14. A process for the production of 
silicones, substantially as described with 
reference to any one of the Examples. 

15. Silicones which have been obtained 70 
by the process of any one of the preceding 
claims. 

Dated this 20tk day of September, 1948. 

For the Applicauts: 
F. J. CLEVELAND & COMPANT, 
Chartered Patent Agents, 
29, Southampton Buildings, 
Chancery Lane, London, "W.C.2. 
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ABSTRACT : PURPOSE: To obtain the subject reagent containing a specific ether as a solvent, capable 
of dissolving a halogenated magnesium complex produced as a byproduct in a coupling 
reaction and separating and purifying the product easily even in the case that the product 
is easily decomposed by water. 

CONSTITUTION: This Grignard reagent of R'^MgX (R^* is a 2-120 

alkyl, an alkenyl, a 2-60 alkynyl, a 7-160 aralkyi, a 4-80 cycloalkyi or a 6-1 OC aryl; X is a 

halogen) comprises a polyalkyleneglycol dialkyi ether of the formula [R\ 

r2 are each a 1-80 alkyi; R^ is H or methyl; n is 1-6] (e.g. 

diethyleneglycol diethyl ether) as a solvent. Furthermore, it is preferable to add a 

hydrocarbon- based solvent such as n-hexane, cyclohexane. n-heptane, n-octane, 

n-decane, n-undecane, n-dodecane, benzene, toluene and xylene upon or after the 

preparation of the reagent. 
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